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Abstract—The Xenaga nomogram is a simple devics that was developed by the U.S. Environmental Protection Agency (EPA)
in the 2arly 19805 and is currently used to predict the maximum potential pesticide residue levels in the food chain of wildlife
before pesticide registration. To evaluale the accuracy of this némogram, pradicted levels wers compared 10 levels reporied in
the literature. Data (obtained from the UTAB database developed by the University of Oklzahoma) demonstrated that day-0
levels predicted by the nomogram were often exczedad. Data {rom the UTAB database sxcsaded the nomogram predictions by
the following percemtages listed by crop: short range grass, 0; leafy crops, 3; long grass, 4; pods/seeds, 8; fruits, 19; and forags
(fegumes), 22. Minor modification of the nomogram is recommended. Recommended modifications would result in zn eleva-

ton of the predicted rasidue levels for fruits and forage (legu

Keywords— Food chain Nomogram Pesticides

INTRODUCTION.

Ecological risk assessment of the hazard posed by 2gro-
zhemicals 1o wildLife requires consideration of both the tox-
icity of chemicals 1o wildlife and the exposure that birds and
other animals receive in natural habitars {1,2]. The U.S. En-
vironmental Protection Agency (EPA) initially estimates the
ecological risk associated with pesticides by using a quotient
method that divides the estimatad level of environmental ex-
posure by the concentration of a chemical requirad to elicit
a biological response (usually lab data) [1]. Quodtent values
approaching or exceeding 1.0 indicate that a given chemical
is n?ore likely to have an adverse effect on wildlife in the
environment.

Exposure levels (i.e., the quotient’s numerator) are based
in part on estimates of food-chain contamination often found
through the use of 2 simple nomogram (Fig. 1) compiled by
the EPA in the early 1980s. The nomogram (3] has teen nick-
named the Kenaga nomogram by the EPA in recognition of
the source of the data used to compile it [4]. THe Kenaga
nomogram is used to predict maximum residue level present
onday0 f ollowing different application rates of a chemical
t0 one of six different categories of plants or plant parts.

The three basic features of the Kenaga nomogram —
categories of plants and plant parts, maximum predicted
residue levels, and linear dose-residue relationship —are
drawn from a‘review arficle published by Hoerger and Ke-

2ga in 1972 [4].In preparing their review article, the au-

ors reported they considered several hundred publications,’

out only included illustrative data in their review from the

22 papers they found with the highast lavels of pesticide res-

*To whom correspondencs may be addressed.

Plant residue

me) crops.

UTAB database

idues from spray application. Thus, Hoerger and Kenaga
purposefully emphasized the most rigorous situarions raquir-
ing toxicological evaluation of which they were aware 2t that
time, and contendad that it was highly unlikely for residue
levels 1o exist above the upper-limit values reported in their
publicarion.

The data taken from the Hoerger-Kenaga review and
used by the EPA to develop the Kenaga nomogram pertain
to 36 crops and 27 pesticides. However, 10 of the 27 pes-
ticides considered by Hoerger and Kenagain 1972 are now
either banned or no longer registered in the United States
(e.g., DDT, dieldrin, endrin, and aldrin). Also, many pesti-
cides have been introducsd. In light of these developments,
thereisa need to reexamine 2nd possibly update the Kenaga
nomogram. _ ‘

This study reexamines the Kenaga nomogram using vo-
luminous information compiled at the University of Okla-
homa in the UTAB database [5,6]. Database information
regarding both crops and pesticides has been used in this re-

- examination, which wds guided by six questions:

I. Areihe maximum predicted residue valves correct?
2. Are the plant categories appropriate?

- 3. Should the linear relationship berwesn application rate

and residue level be changed?

. 4. Are the residue levels the same for all classes of chemicals?
i'5. Do plant morphological features influence residue levels?
6. How is rasidue decay over time related to plant category

and/or chemical class?

MATERIALS AND METHODS
The Kenaga nomogram estimates residus levels (parts per

i million, based on fresh weight) present immediately follow-
ling chemical application (day 0). Two analytical methods
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Fig. 1. The EPA food-chain (Kenaga) nomogram uszd to predict pesticide residues in ppm immediztely following chemical application to

differsnt categories of plants and plant parts [3].

were conducted to evaluate the accuracy of the nomogram’s
day-0 estimates. The first was an examination of data plot-
ted as residue level vs. application rate for the six different
plant categories in the nomogram (Fig. 1). Twelve plots were
prepared: two per category (days ¢'and 1) for each of thc‘éix
categories of plants and plant parts present in the Kenaga no-
mogram. Representative plots are shown in Figure 2. The
diagonal line on each graph shows'the dose-residue relation-
ship predicated by the K,cn‘igz—nomogrzm.‘Datapoims above |
individual lines represent values reported in the literarure that
exceedad the upper limit values predicted by the Kenagaino-
mogram. Tabulation of the number of times data! points
exceeded the predicted values (Table 1) was used to evaliate’

the accuracy of the nomogram fo;r‘}cach category of plants.

~ Although the Kenaga nomogram deals only with day 0y we

analyze both day-0 and day-1 dataito gain the largest possi-
ble data set. ' Cob R
The second method of analyzing the accuracy of the ximé-
mogram's day-0 estimates was 10 process data from the
UTABR database in the manner described by Hoergeridnd
Kenaga [4], and then make direct comparisons with their
results. All data were standardized to the same uhits (pbr
plant rasidue per Ib active ingredient applied ptsticidé per

acre) by dividing the actual residue reported by the treatment
rate used in the study. This is the same calculation used by
Hoerger and Kenaga [4] 10 arrive at the RUD (residue from
2 unit dosage) values reported in their review. Only day-0
data were used for this analysis for 2 direct comparison with
the nornogram. , : »

The design of the Kenaga nomogram does not permit es-
timates of residue amounts beyond day 0 following chemi-
cal application. However, because it might be a worthwhile
addition to.the nomogram, we examined this relationship

by prepéaring plots of plant residues (ppm) vs. time (d) fol-
- Jowing chemical application. The analyses were restricted 1o

applications ranging from 0.5 to 1.5.1b/acre; such a range
includes rates most commonly used under field conditions.
Individual graphs were prepared. Rates of chemical disap-
pearance were statistically compared to an exponential de-
cay curve by major classes of pesticides and each of the plant
categories.in the nomogram. -

All of the data used in this study were taken from the
UTAB database (5,6] developed at the University of Okla-
homa. UTAB contains inf ormation on the uptake/accumu-
lation, translocation, biotransformation, and adhesion of
both organic chemicals and heavy metals by vascular plants.
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Fig. 2. .Comparis.on of da'y-O_rcsiduc levels reported in the literature with those predicied by the Kenaga nomogram for three different plant
categories. The diagonal line is the relationship berween zpplication rate and residue level as predicted by the Kenaga nomogram. Cl-hydro-

carbons = chlorinated hydrocarbons.

The database has 42,000 individual records pertaining to over
1.,000 different organic chemicals, 65% of which are pesti-
cxdes.‘ These data were compiled from the review of over
100 published papers. There are over 400 species of plarits

: UTAB, tepresenting 95 plant families and all major crops.
* For the purposes of this study, the information'in UTAB
was screened for experimental condirions and data expres-

sions that were consistent with the data set used by Hoerger

and Kenaga [4]. Onlylﬁeld studies reporting residue data as
parts per million based on plant fresh weight were used. The

data were divided into plant categories according to those -

used in'the Kenaga nomogram. Some species of grasses could
have been categorized as either short range grass or long
grass. For example, fescue (Festuca sp.), which is grown as
a pasture and hay crop, may be considered a short range
grass in pastures and/or a long grass in hay fields. To resolve
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Table 1. Number of times day-0 and day-1 residue values from UTAB exceeded

residue amounts prcdic!cd by Kenaga nomogram

Insecticides Herbicides and fungicides - Totals
No. of . No.of No.of ~ )

Plant type residue values  £* %o residue values E %o residue values E %o
Short range grass

Day 0 ‘ 18(7)° 0 0.0 0 (0)° - - 18 (7M)® 0 .00
" Day | 27 (8) 0 00 0 - - 27 (8) 0 0.0
Long grass :

Day 0 44 (18) 2 4.5 2(2) 0 0.0 46 (20) 2 4.3

Day 1 40 (14) 1 2.5 3(2) 0 0.0 43 (16) 1 2.3
Leaves, leafy crops ' ‘ ‘ \

Day 0 139 (31) 5 3.6 13 (6) 0 0.0 152 (37) 5 3.3

Day 1 131 (36) 0 0.0 2(2) 0 0.0 133 (38) ] 0.0
Forage (legumes) . :

Day 0 90 (23) 19 21.3 6 (5) 2 333 96.(28) 212201

Day ! 54 (20) 4 7.4 5@) 1 20.0° 59 (22 5 8.5
Pods/sesds (legumes)

Day 0 25 (9) 1 4.0 1(D) 1 100 26 (10) 7.7

Day | 26 (1) 0 0 1(1) 1 100 27 (12) 1 3.7
Fruit ’ .

Dav 0 104 (20) 20 18.2 4(3) 1 25.0 108 (23) 21 19.4

Day 1 85 (18) § 7.1 10 (3) 1 10.0 95 (21) 7 7.4
Totals . .

Day 0 420 47 11.2 26 ) 4 15.4 446 51 11.5

Day 1 363 11 3.0 21 3 14.3 384 14 3.6

aResidue values that excesd the amount predicted by the Kenaga nomogram.

®Pesticides represented.

this dilemma in our study, the short range grass caltégory
was restricted to grasses that are short (20 cm) when mature
(e.g., buffalograss [Buchkloe dactyloides] znd blue grama
IBouteloua gracilis]), or used primarily as lawn and/or pas-
ture grass (e.g., bermudagrass, Cynodon dacrylon), and we
ignored the aspect of their being range grasses. In keeping
with the Kenaga nomogram, dicotryledonous plants were di-
vided into two groups: forage (leguminous plants), and Jeaves
and leafy crops {all other broad-leaved crops).

The total data set used in this evaluation of both day-0
residue values and residue decay through time was taken
from 249 published papers whose dara are encoded into
UTAB [5). Thisincluded information on 118 species of plants

(mostly crops, inciuding 27 grass species and 16 legume spe-

cies), 121 different pesticides (85 insecticides, 27 herbicides,
and 9 fungicides), and 17 classes of chemicals. The 17 exam-
ined classes of chemicals were aromatic acids, brominated
hydrocarbons, carbamates, chlorinated hydrocarbons, chlo-
rinated sulfires, formamidines, haloalkanoics, organophos-
phates, nitriles, nitrophenols, pyrethroids, - pyridines,
thiocarbamates, triazines, ureas, vinyl phosphates, 'and"mis_—
cellaneous unclassified pesticides. In comparison to the data
set used by Hoerger and Kenaga [4], our study involved six

times more pesticides ‘(121 vs. 21), two times more plant spe--

cies (118 vs. 60), and 11 times more published papers (24

vs. 22). L .
, 'RESULTS

Predicted residue values

Day-0 residues (pesticide levels on days 0 or 1 following
application) were examined for 72 plant species and 78 chem-

icals. The number of residue values were similar for both
day 0 (420) and day 1 (363). Most residue data pertained to
leaves and leafy crops, legume folidge, and fruit. These data
were examined by preparing 12 graphs, showing the rela-
tionship between zpplication rate and residue level on either
day 0 or day 1 for each of the six plant-nomogram catego-
ries. Examination of these graphs revealed major differences
in the predictive accuracy of the nomogram. As an example,
for leaves and leafy crops (Fig. 2) very few values exceeded
those predicted by the nomogram, but forage (legume) and
" fruits (Fig. 2) had a Jarge number of exceeding values. Table 1
gives an overview of the data points exceeding the predicted
values for all six categories on both day 0 and day 1.

Plant categories

Analysis of the data pertzining to nomegram categories
involving monocotyledon pfa'.nts (grasses) (Table 1) showed
that all of the short range-grass values were below those pre-
dicted by the nomogram. The long-grass category had three
exceeding values: two on day 0 and ‘one on day 1. These val-
ues involved chlorinated hydrocarbons no longer used in the
United States. "

A comparison of residue data reported on dicotyledons
with data predicted by the nomogram showed that for leafy
crop plants, 3.3% of the records on day 0 (Fig. 2) and none
of the records on day 1 (Table 1) exceeded the nomogram pre-
dictions. In contrast, residue levels reported for forage plants
showed a much greater discrepancy with those predicted by
the nomogram. Twenty-one of the 96, or 22% of the residue
values; exceeded the predicted values on day 0 (Fig. 2) and
five of 59, or 8.5%, on day 1 (Table 1). These values involved -
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.S chemicals representing five classes of compounds (Fig- 2)
and six different species of plants.

The Kenaga nomogram has two separate categories for
frujts: Onecovers legume pods and the other includes fruits
of all other plants (Fig. 1). Our analysis showed exceeding
values for both categories, but the general fruit category had
a higher percentage. For legume pods, the frequencies of
exceeding values over predicted values were 7.7 2nd 3.7%
on days 0 and 1, respectively (Tzble 1), whereas the percen-
tages for the other fruits were 19.4 and 7.4%. The 21 ex-
ceeding values associated with fruits on day 0 involved six
different classes of compounds and 10 different chemicals:
two chlorinated hydrocarbons, four organophosphates, one
carbamate, one thiocarbamate, one aromatic acid, 2nd one
unclassified compound (Fig. 2). Closer examination of the
fruit data exceeding on day 0 showed thar fruits of woody
planis such as zpricot and peach had more exceeding values
(15 of 62 or 24.2%) than those of herbaceous plants such as
tomato and okra (6 of 46, or 13.0%).

The 1012l number of excesding values fer 2l plant and or-

gan categories was 51 on day 0 and 14 on day 1, repressnt-
ing 11.5 and 3.6%, respeciively, of the total data (Table 1).
These percentages are not exceptionally high, but they are
noteworthy because they represent residue values exceeding
the original data compiled by Hoerger and Kenzaga [4], who
contended in their review article that there was very little
probability of residue levels exceeding the upper-limit values
hey reporied; of special concern were the high percentage

. pfexceeding values (22 and 19%)) associated with forage and

- Sfruit, respectively. All excesdin g vzlues were examined fur-
ther 1o determine if the majority could be artributed 10 a sin-
gle cause such 25 application rate, parzicular pesticide, class
of chemicals, 2natomical fearure, 'or taxcnomic group.

Residue level /application rare

Examination of the 12 individual plots (application rate -

vs. plant residue) such as those shown in Fi gure 2 showed no
correlation berween high application rates znd high numbers
of exceeding values. Thus the linear relationship that the
Kenaga homogram has b:twe;n application rate and residue
amounts is consistent with our findings.

Residue level /chemical elass -

A list of exceeding values by pesticide and chemical class
(Table 2) showed that no si:iglc,pesn’cid'e or chemical class ac-
counted for the majority of the high values and that most of

.the exceeding values involved pesticides that are currently
used. There were occasions when all of the residue values
for a particular pesticide exceeded the predicted value (chlo-
robenzilate, EPN, and SD-7438). There were only limited
data records for these compounds; therefore, these high val-
uesaccounted for a small proportion of the total exceeding
data points. No single pesticide or class of chemicals provided
& comprehensive explanation for the exceeding data.

Residue level /plant morphology
) The distribution of exceeding values among different spe-
s and plant types was examined to determine if the high
residue values correlated with any particular anatomical fea-
ture (surface texture, leaf shape, etc.) or-taxonomic group

Table 2. Distribution by cherhical of combined day-0 dnd day-t
residue values exceeding predictions of Kenaga nomogram

[= R BEN REN Y

No. of
- Chemical class pesticide residue values  E? o
Aromalic acids .
Chlorobenzilate 2 2 100.0
Carbamartes
Carbaryl 3 b 14.7
4 other chemicals 21 0 0.0
Chlorinated hydrocarbons
DDD 3 1 33.3
DDT 29 g 12.6
Endrin 12 2 16.7
Telodrin 3 1 33.3
8 other chemicals 64 0 . 0.0
Haloalkanoics
2,4-DB 7 2 28.6
4 other chemicals 9 0 0.0
Organophosphates
Azinphosmethyl 15 2 13.3
Baytex 4 1 25:0
Bidrin 6 2 333
Demeton (Sysiox) 13 5 38.5°
Dimethoaie 83 2 3.8
EPN 3 3 100.0
Fenitrothion 8 2 25.0
Mazlathion 58 [ 10.3
"Pzrathion (ethy] and methyl) o3 = 3
Phosphamidon 32 1 3.
Quinalphos 6 1 16.
SD-7438 2 2 100.
20 other chemicals 123 0 0.
Pyridines :
Picloram 2 1 50.0
Thiocarbamates : : _
Maneb 2 4 333
Moresian 15 0 0.0
Miscellansous unclassified
Methomyl - 14 1 7.1
Methoxychlor 63 4 6.3
8 other chemicals 27 o] 0.0
7 other chemical classas®
10 chemicals €5 0 0.0
Totals 830 €5 7.8

*Residue values that excesded amount predicted by the Kenaga
nOMmMOgram. ' : ‘
*Brominated hydrocarbons, chlorinated sulfites, formamidines,
nitriles, nitrophenols, trizzines, and vinyl phosphates.

(Table 3). Although there were severzal examples of high res-
idue levels on plants with pubescent (bairy) leaves or fruit,
the number and magnitude of these exceeding values were
approximately the same as those present on nonpubescent
plants. Consideration of other anatomical features led to the
samne conclusion. Howcver,_cxarrﬁnarjon of the plant list pro-
vided additional evidence that two of the nomogram catego-
ries (forage and fruits) had disproportionately high numbers
of exceeding values in comparison to the other categories.

" Thirty-two percent (18 of 57) of the residue values for alfalfa

exceeded the predicted 58-ppm value for forage crops. When
compared to other species for which we had similar data
(44 values for Chinese cabbage and 66 for corn), alfalfa ex-
ceeded the nomogram-predicted value 14 and 7 times more

“often than Chinese cabbage and corn, respectively. In addi-




11258 ’ J.S. FLETCHER ET AL.

Table 3. stmouuon by plant category and specics
of combined day-0 and day-1 residue values that
exceeded predictions of Kenaga nomogram

No. of
residue
Plant category and species valies E* o
Shert range grass o '
Bermuda grass (Cynodon dactylon) "~ 45 0 0.0
Total 45 0
Long grass ) '
Corn (Zec mays) 68 3 4.5
7 other species 23 . 0 0.0
Total . : -89 3.
Leaves, leafy crops '
Cabbage, Chinese (Brassia pekinarsis) 44 1 2.3
Cherry (Prunus sp.) 1 1 100.0
Cotton® {(Gossypium hirsutum) 11 2 182
Spearmint (Mentha sp.) 2 1 50.0
34 other species 227 0 0.0
Total 285° 5
Forage (legumes)
Alfalfa (Medicago sativa) 57 18 31.6
Bean, green (Phaseolus vulgaris) 9 1 11.1
Clover, red (Trifolium praterse) 16 1 6.2
Clover, white (T. repens) 12 2 16.7
Mesquite (Prosopis juliflora) a 1 1 100.0
Pea (Pisum sativum) 18 3 16.7
5 other species 42 0 0.0
Total ) 155 26
Legume pods .
Bean, green (Phaseolus vulgaris) 3 3 7.7
3 other species - 14 0 0.0
Toral 53 3
Fruit o
Apple (Ma[us sp.) 6 1 16.7
Apricot® (Prunus armeniaca) 5 "5 100.0
Eggplant (Solenum melongena) 7 3 428
Grape (Viris 5p.) 13 5 38.5
Lemon (Citrus limon) 7 2 28.6
Okra® (Hibiscus esculenius) 21 1 4.8
Olive (Olea europec) 2 2 - 100.0
Peach® (P. persica) 5 2 40.0
Pear (Pyrus communis) 8 1 12.5
. Rape (Brassica napus) 4 4 100.0°
Tomato (Lycopersicon esculentum) 14 2 14.3
.13 other species 1 "0 0.0 ..
Total 203 28
65 7.8

Totals 830

*Residue values that exceeded the zmount predicted by the Kenaga
 nomogram.
Plant leaves or fruits Lhax are pubcscem (hairv).

' tion to alfalf a, five of the other 10 forage crops (legume spe-

cies) had residue values in excess of predicted vatues. The
same observation was made for fruits, for which 11 of the
24 types of fruit had higher than predicted residue levels. The
large number of exceeding values and general distribution

among several plants with the forage and fruit categories -

were not characteristic of the other categories and, therefore,
suggested that the predictive value of the Kenaga nomogram
for forage and fruits is not accurate.

- Residue decay over time

Although the current Kenaga nomogram addresses only

- d2y-0 residues immediately following application, the per-

60 e
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Fig. 3. Res:due decay plot for selected systemic pesticides applied

-as granules or dust. Chemicals were appliéd in the dose range of 0.5

to 1.5 Ib/acre. The two carbamate chemicals are aldicarb and
carbofuran.

sistence of residues on vegetation is perhaps another factor
the nomogram should address. In this regard, a comparison
of the numbers of exceeding values on days 0 and 1 (Table 1)
showed a marked decrezase on the second day, even though
the numbers of data points were similar in most cases. A
more in-depth assessment of pesticide persistence was-con-
ducted by cxamining residue-decay curves of pesticides ad-
ministered at rates between 0.5 and 1.5 Ib/acre. Nineteen
plots of various combinations of plant categories and classes

- of pesticides were examined. Almost 21l of the data fit expo-

nential decay curves with significance at a2 p value of 0.01.
The exception was data for systemic pesticides applied as
either granules or dust. For example, when either disulfoton
or carbamates were provided to dicotyledons (plants from
both the forage and the leafy crop categories) (Fig. 3), no ap-
parent expOnenual decay occurred over the first 30 to 40 d

“following apphcauon These lingering residues were, for the

most part,’ below the day-O levels predicted by the Kenaga
nomogram:

Further consicderations
.The Kenaga nomozrarn was evaluated f urther by analyz-

- ing data from the UTAB database in the same manner as that

of Hoerger and Kenaga [4). For this purpose, day-0 data were -
standardized as described in “Materials and Methods” so that
all residue values were expressed 2s ppm plant residue/Ib
active ingredient applied pesticide/acre. The range and mean
of values for each category were then compared to the pre-
dicted nomogram value (Table 4), which is the highest value
reported by Hoerger and Kenaga [4) for each category in their
1972 survey. Our znalysis of data from UTAB showed a
broad range of residue values for each category, the upper
limit of which exceeded the predicted nomogram value in
each case, except for short range grass, consistent with the
earlier discussion of exceeding values. Because of the impor-
1ance that upper limit values play in the Kenaga nomogram,
a brief description and citation are provided in Table 5 for
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Table 4. Comparison of reported day-0 residue values with 1hose predicted by Kenaga nomogram

Residue (ppm) following
I Ib a.i./acre application

LRI At

e

Range
Predicted

Plant, organ category No. of data records Low High Mean nomogram value
Shert range grass 18 ()" ()®° 15.3 194 84.8 (60.3)° 240
Long grass 46 (6) (20) 0.12 197 36.0 (40.6) 110
Leaves, leafy crops . 152(33) (37) 0.23 296 35.0(45.0) 125
Forage (legumes) 96 (10) (28) Q.05 350 45.0 (56.7) 58
Pods and seads (legumes) 26 (3) (10) 0.05 24.6 4.0 (5.9) 12
Fruit 108 (23) (23) 0 40.7 5.4(5.8) 7

Woody . 62137 0.003 40.7 6.7 (12.4) 7

Herbaceous 46 (10) (9) 0 16.9 3.6(4.4) T

:Numbcr of species.
Number of chemicals.
sp. '

the predictive values for the two are reversed, 7 for fruits
and 12 for pods.

each of the studies associated with the maximum values
shown in Table 4. The differences between the high-rangs

values identified in our study and the predicied nomogram
values varied and were dependent on category. There was ap-
proximately a twofold difference berween these values for
long grass, leafy crops, and pods, but 2 sixfold difference oc-
curred for both legumes and frujs. These same differences
were also present when arithmeric means czjculated by Hoer-

- ger and Kenaga [4] were compared 10 predicted nomogram

- zlues. When the individual nom ogram values were divided
Oy the respective mean values from our study, the resulting

“~-ratios were 2.8, 3.1, 3.6, and 3.0 for short range grass, long

-grass, leafy crops, and pods, respectively; whereas it was only
1.3 for both forage and fruits. Thess comparisons indicate
that for forage and fruit planis the predictive vzlues on the
Kenzga nomogram are too low. This contention is further
emphasized by observing that the mean value for forage
plaats (Table 4) is larger than that for leafy crops (45 vs. 35),
but the nomogram values ars reversed (58 vs. 125). The same
type of relationship holds for fruits and pods. The mean
value for frujts was 5.4 as compared to 2 4.0 for pods, but

The accuracy of the plant groupings originally proposed
by Hoerger and Kenaga and later adopted by EPA was further
evaluated by 2 comparison berween the mean values in our
study for each of the plant 2nd organ categories (Table 4).
A major difference was observed between the mean values for
shortrange grass (84.8) and long grass (36.0); this difference
is consistent with the distinction berween the two calegories
inthe nomogram. In contrast, separation of dicotviedonous
plants into leafy crops and forage legumes according 10 the
nOmogram was not sirongly supported by our study because
the mean values for these two groups were similar. The same
was true for the pod and fruit categories. The nomogram
makes a distinction between the two, but the mean values in
our study were much closer than the standard deviation of
either. '

DISCUSSION

The EPA food-chain nomogram is a simple device ussd
to predict maximum residue levels for any pesticide applied

o

Table 5. Upper-limit residae values reported in literature for plant and organ categoriss in Kenaga nomogram

Residue value Research Date .
Plant category (Ppm) Plant species Cherical location of study  Ref.
Short range grass - 240 Native grass Tordon Montana 1966 [7}
; (154)® Bermuda grass - Dimethoate - Georgia 1961 {8
Long grass 110 - Malathion - - [9]
. (197) Corn DDT Towa 1950 {10]
Leaves, Jeafy crops ©o128 Apple EPN Ohio © 1950 (11]
- (296) Cherry Demeton Washington 1954 [12)
Forage (legumes) 58 . Alfalfa Endesulfan Ohio 1961 [13]
(350 Alfalfa Endrin ° California 1963 [14]
Pods and seeds 12 Green beans Methoxychlor . Maryland 1956 {15

. . (24.6) . Green beans Maneb Ontario : 1574 fie] .
Fruit 7 Cherry Endosulfan California 1960 [13]
’ (40.7). Apricot DDT California 1949 | [17j

*Reported in Hoerger and Kenaga [4].
; b : :
: Identified in our search of the UTAB database.

‘l---«l.::l; AT *
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atany raieto any plant grown in the United States. Consid-
ering the broad specirum of plant-chemical combinations,
as well 25 the multitude of diverse environmental (\x';athcr)
conditions that prevail across the United States, itis appro-
priate to evaluate the nomogram’s accuracy with data drawn
from research studies of a broad spectrum of different plantr
chemical, and environmental combinzations. The UTAB data-
base afforded us the opportunity 1o identify such a data set.
Comparison of values in the UTAB data set to values pre-
dicted by the EPA nomogram has shown that the eustmv
nomogram is, in general, accurate; however, there are some
exceptions. The following proposed modlf“camons should
be considered.

The residue levels for each of the six categories in Lhe cur-
rent nomogram are based on the highest value reported for
each category in the survey published by Hoerger and Kénaga
{4]. The values set for four of these categories (short range
grass, long grass, leafy crops, and pods) appear sztisfactory,

because we found very few occasions when values reported _

in the lrerature for these categories excesded the nomogram
predictions. In contrast, the residue levels predicted for the
two remaining categories (forage crops znd fruit) were of-
ten lower than those reported in the lizerature 2nd should
be adjuszed. Predicted values could be elevated 1o match the
highest reporied values in the literarure, the sam? philoso-
phy used in creating the existing nomogram. An aliernative
would be 1o adjust the highest nomogram values with respect
to the mean values calculated in our study. In e spect 10 the
latter suggestion, for those categories in which ‘predicrions
were accurare (short range grass, long grass, leafy crops, and
pods), 2 ratio of three was observed when the nomogram
values were divided by mean values of the analyzed dara.
Even though there was no strong mathematical justificaion,
if this threefold factor were used 10 adjust the current nomo-
gram values for the forags and fruit cztegories, from 38 to

135 and from 7 to 15, respectively, then the number of -

exceeding values on day 0 would be reduced from 21 to 5
(22.1 10 5.2%) for forazo crops and from 71 1o 9 (15.4 10
8.3%) for fruir.

Adjustment of the nornogram as suggested in the previ-
ous paragraph warrants consideration of merging categories
with similar predietive values. For example, as the new sug-
gested value of 135 for forage crops is close to the existing
value of 125 for leafy crops, it would be appropriate 1o com-
bine the two into a broadleaf category and set the prediction
value 2t 135. In a similar fashion, fruits (new value 15) and
pods (old value 12) could be placed in'a single fruir category
set at 15. Our analyses indicated that the present separation
of grasses into two categories is desirable. 1f our suggestions
were implemented, the number of categories would be re-
duced from six to four with predictive values of 240, 110,
135, and 15 for short range grass, long grass, broadleaf
plants, and fruits, respectively.

An additional minor change would be to remove the term
renge from the short- -range-grass heading. Qur rasionale is
that the term short range grass is confusing because all range
grasses are not short, and numerous grasses not growing as
arange grass are short (i.e.; mowed or grazed cultivated pas-
tures). Our analysis did show a major difference between the

ET AL,

residue level of shert vs. tall grasses, irrespective of where
they grew; therefore, two grass categories should remain but
the term range should be eliminated.

Analyses of the correlations between residue level and var-
ious parameters showed that the simplicity of the existing
nomogram regarding uniform treatment of all classes of
chemicals, the linear relationship between application rate
and residue prediction, and a disregard for anatomical plant
features (i.e., pubescent leaves) does not jeopardize accuracy.
We did show that there was a greater persistence of some sys-
temic pesticides applied as granules and powders, but the res-
idue levels were 5o low in comparison to the day-0 levels that
there was no strong justification for modifying the nomo-
gram 1o include decay or accumulation of pesticide over time
following application.

Our analyses indicate that with minor modifications (el-

" evation of the predictive values for forage and fruit catego-

ries) the Kenaga nomoz;am provides accurate maximum
residue predictions. Only 3%, of values exceed those predicted
by the nomogram. This conclusion is based on reported lit-
erature values, which should be tested with specially planned
and conducted risk assessment research.
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Abstract—The Xenaga nomogram is a simple devics that was developed by the U.S. Environmental Protection Agency (EPA)
in the early 1980s and is currenily used to predict the maximum poteatial pesticide rasidue levels in the food chzin of wildlife
before pesticide registration. To evaluate the accuracy of this nomogram, pradicted levels were compared to levels reporiad in
the literature. Data (obtained from the UTAB database developed by the University of Oklzhoma) demonstrated that day-0
levels predicied by the nomogram wers often ¢xceeded. Data {rom the UTAB database sxceaded the nomogram predictions ov
‘:ha following peresntages listed by crop: short range grass, 0; lzafy crops, 3;long grass, 4; pods/sesds, 8; fruits, 19; and forzes
(legumes), 22. Minor modification of the nomogram is recommendad. Recommended modifications would result in an elava-
ton of the predicted residus levels for fruits and forage (l=gume) crops.

Keywords—Food chain Nomogram Pasticides Plant residue UTAB database

INTRODUCTION idues from spray application. Thus, Hoerger and Kenaga
purposefully emphasized the most rigorous situarions requir-
ing toxicological eveluation of which they were aware ar that
time, and contended that it was highly unlikely for residue

Ecolegical risk assessment of the hazard posed by agro-
chemicals 1o wildlifs requires consideration of both the tox-
icity of chemicals to wildlife and the expesure that birds and

other animals recaive in natural hakitars [1,2]. The U.S. En- levels 1o exist above the upper-limit values reportad in their
vironmental Protection Agency (EPA) initiallv estimases the publication. ‘
ecological risk associated with pesticides by using a2 quodent The data taken from the Hoerger-Kenaga review and
method that divides the estimazed Jeve] of environmental ex- -~ used by the EPA to develop the Kenagza nomogram pertain
posure by the cancentrazion of a chemical requirsd 10 slicit 10 36 crops 2ad 27 pesticides. However, 10 of the 27 pes-
a biological response (usually lab data) [1]. Quotient valyes ticides considered by Hoerger 2nd Kenaga in 1972 are now
2pproaching or exceediag 1.0 indicate that a given chemical either banned or no longer ragistered in the Unitad States
is more likely to have an adverse effact on ‘wildlife in the (e.g., DDT, dieidrin, endrin, and aldrin). Also, many pesti-
environment. cides have been introducsd. In-light of these developments,
* Exposure levels (i.¢., the quotient’s numerator) ars based there is a need to resxamine and possibly update the Kenaga
In part on estimates of food-chain contamination often found nomogram. ‘
through the use of a simple nomogram (Fig. 1) compiled by This study reexamines the Kenaga nomogram using vo-
the EPA in the early 1980s. The nomogram (3] has been nick- luminous information compiled at the University of Okla-
named the Kenaga nomogram by the EPA in rscognition of homa in the UTAB database [3,6]. Database information
the source of the data used o compile it [4]. The Kenaga regarding both crops and pesticides has been used in this re-
nomogram is used 10 predict maximum residue level present examination, which was guided by six questions:
on day 0 following different application rates of a chemical 1. Are the maximum predicted residue values correct?
to one of six different categories of plants or plant parts. 2. Are the plant categories appropriate?

The three basic fsatures of the Kenaga nomogram— 3. Should the linear relationship between application rate
categories of plants and plant parts, maximum predicted and residue level be changad? :
residue levels, and linear dose-residus relationship—are 4. Arctheresidue levels the same for all classes of chernicals?
drawn from a review article published by Hoerger and Ke- 5. Do plant morphological featurss influence residue Jevels?

g2 in 1972 [4]. In preparing their review article, the au- 6. How is residue decay over time related to plant category
1S reported they considered several hundred publications, and/or chemical class?
out only included illustrative data in their review from the
22 papers they found with the highest levels of pesticide res- MATERIALS AND METHODS
. The Kenaga nomogram estimatss residue levels (parts per
million, based on fresh weight) present immediately follow-

*To whom correspondencs may be addressed. . ing chemical application (day 0). Two analytical methods
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Fig..l. The EPA food-chain (Kenaga) nomogras usad 1o predict pesticide residuss in ppm immediaisly following chemical application 1o

differznt categories of plants 2ad plant parts {3).

were conducted to evaluate the accuracy of the nomogram’s
day-0 estimnates. The first was an examination of datz plot-
ted as residue level vs. application rate for the six different
plant categories in the nomogram (Fig. 1) Twelve plots were
prepared: 1wo per category {days 0 and 1) for each of the six
categories of plants and plant parts present in the Kenaga no-
mogram. Representative plots are shown in Figure 2. The
diagona! line on each graph shows the dose-residue relation-
ship predicated by the Kenaganomogram. Data points above
indsvidual lines represent values reported in the literarure that
excacded the upper limit values predicted by the Kenaga no-
mogram. Tabulation of the number of times data points
excesded the predicted values (Table 1) was used to evaluate
the accuracy of the nomogram for each category of plants.
Although the Kenaga nomogram deals only with day 0, we
analyze both day-0 and day-1 data to gain the largest possi-
ble data set. ‘

The second method of analyzing the accuracy of the no-
mogram’s day-0 estimates was to process data from the
UTAB database in the manner described by Hoerger 2nd
Kenaga [4], and then make direct comparisons ‘with their
resulis. All data were standardized to the same units {(ppm
plant residue per Ib active ingredient applied pesticide per

acre) by dividing the actual residue reported by the treatment
rate used in the study. This is the same calculation used by
Hoerger and Kenaga {4] to arrive at the RUD (residue from
a unit dosage) values reported in their review. Only day-0
data were used for this analysis for a direct comparison with
the nomogram. :

The design of the Kenaga nomogram does not permit:es-
timates of residue amounts beyond day 0 f ollowing chemi-
cal application. However, because it might be'2 worthwhile
addition to the nomogram, we examined this relationship
by preparing plots of plant residues {(ppm) vs. time {d) fol-

" lowing chemical application. The analyses were restricred to

applications ranging from 0.5 to 1.5 Ib/acre; such a range
includes rates most commonly used under field conditions.
Individual graphs were prepared. Rates of chemical disap-
pearance were statistically compared to an exponential de-
¢cay curve by major clesses of pesticides and each of the plant
categories in the nomogram.

All of the data used in this study were taken from the
UTAB database [5,6] developed at the University of Okla-
homa. UTAB contains information on the uptake/accumu-
lation, translocation, biotransformation, and adhesion of
both organic chemicals and heavy metals by vascular plants.
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The database has 42,000 individual records pertaining to over
1.,000 different organic chemicals, 65% of which are pesti-
cides. These data were compiled from the review of over
100 published papers. There are over 400 species of plants

+ UTAB, representing 95 plant families and all major crops.
E For the purposes of this study, the information in UTAB
was screened for experimental conditions and data expres-
sions that were consistent with the dara set used by Hoerger

and Kenaga [4]. Only field studies reporting residue data as
paris per million based on plant fresh weight were used. The
daia were divided into plant categories according to those -
used inthe Kenaga nomogram. Some species of grasses could
have bezn categorized as either short range grass or long
grass. For example, fescue (Festuca sp.), which is grown as
a pasture and hay crop, may be considered a short range
grass in pastures and/or a long grass in hay fields. To resolve
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Table 1. Number of times day-0 and day-1 residue values {rom UTAR exceeded
residue amounts predicted by Kenaga nomogram

Insecticides Herbicides and fungicides “Totals
No. of ) . No.of No. of ~

Plant type residue values &1 %o residue values E L7 residue values E %o
Short range grass :

Da¥ 0 18(N° 0 .00 0 (0)® - - 15 (M° 0 . CO
" Day 1 i 27 (8) 0 0.0 0(0) - - 27 (8) 0 0.0
Long grass - -

Day 0 44 (18) 2 4.5 2 () 0 0.0 46 (20) 2 4.3

Day 1 40 (14 1 2.5 3(Q2 0 0.0 43 (16) 1 23
Leaves, leafy crops ' ’ :
" Dayo0 139 31) 5 3.6 13 (6) 0 0.0 152 (37) 5 33

Day ! S 131 (36) 0 0.0 2 0 0.0 133 (38) 0 0.0
Forage (legumes) . ‘

Day 0 90 (23 19 213 6 (5) 2 3.3 96 (28) 21 22.1

Day 1 54 (20) 4 7.4 5(2) 1 20.0 59 (22) 5
Pods/sesds (legurnes) .

Day 0 25 (%) 1 4.0 1) 1. 100 26 (10) 2 77

Day 1 26 (11) 0 o] 1(1) 1 ) 100 27 (12) 1 3.7
Fruit = )

Dayv 0 : (104 (20) 20 19.2 4(3) 1 25.0 108 (23) 21 19.4

Day 1 83 (18) 6 7.1 10(3) . 1 10.0 95 (21) 7.4
Totals

Day 0 420 47 11.2 26 4 446 5 11.5

Davy ! 363 1! 3.0 21 3 4 384 4 3.6
3Residue values that excesd the amount predicted by me Kenaga nomogram.

PPesticides represented.

this dilemma in our study, the short range grass category
was restricied to grasses that are short (20 cm) when mature
(e.g., buffalograss [Buchloe dactyloides] znd blue grama
[Boweloua gracilis]), or used primarily as lawn and/or pas-
ture grass (e.g., bermudagrass, Cynodon dacrylon), and we
ignored the aspe"t of their being range grasses: In keeping

with the Kenaga nomogram, dicotyledonous plants were di-

vided into two groups: forage (lezuminous plants), and leaves
and leafy crops (all other broad-leaved crops).

The totz] data set used in this evaluation of beth day-0
residue values and residue decay through time was taken
from 249 published papers whose data are encoded into
UTAB {5]. This included informarion on 118 species of planis

* (mostly crops, inciuding 27 grass species and 16 legume spe-

cies), 121 different pestici‘d”es (85 insecticides, 27 herbicides,
and 9 fungicides), and 17 classes of chemicals. The 17 exam-
ined classes of chemicals were aromatic acids, brominated
hydrocarbons, carbamates, chlorinated hydrocarbons, chlo-

rinated sulfites, formamidines, haloalkanoics, organophos--

phates, nitriles, nitrophenols, pyrethroids, pyridines,
thiocarbamates, triazines, ureas, vinyl phosphates, and mis-

cellaneous unclassified pesticides. In comparison to the data.

set used by Hoerger and Kenaga [4], our study involved six
tinees more pesticides (121 vs, 21), two times more piam spe-
cies (1 18 vs. 60), and 11 times more published papers (249
vs. 22).

RESULTS
Predicted residue values

Day-0 residues (pesticide levels on days O or | followmg
application) were examined for 72 plani speciss and 78 chemn-

icals. The number of residue values were similar for both
day 0 (420) and day 1 (363). Most residue data pertained to
leaves and leafy crops, legume foliage, and fruit. These data
were examined by preparing 12 graphs, showing the rela-
tionship between zpplication rate and residue level on either
day O or day 1 for each of the six plant-nomogram catego-
ries. Examination of these graphs revealed major différences
in the predictive accuracy of the nomogram. As an example,
for leaves and leafy crops ("m 2) very few values exceeded
those predicted by the nomogram, but forage (legume) and
fruits (Fig. 2) had 2 large number of exceeding values. Tablel
gives an overview of the data points exceeding the predicted
values for all six categories on both day 0 and day 1.

Plant categories
Analysis of the data pertaining to nomozram categories

involving monocotyledon plants (grasses) (Table 1) showed.

that all of the short range-grass values were below those pre-
dicted by the nomogram. The long-grass category had three
exceeding values: two on day 0 and ‘one on day 1. These val-
ues involved chlorinated hydrocarbons no longer used in the
United States.

A comparison of residue data reported on dicotyledons
with data predxcted by the nomogram showed that for leafy
crop plants, 3.3% of the records on day 0 (Fig. 2) and none
of the records on day 1 (Table 1) exceeded the nomogram pre-
dictions. In contrast, residue levels reported for forage plants
showed a much greater discrepancy with those predicted by
the nomogram. Twenty-one of the 96, or 22% of the residue
values, exceeded the predicted values on day 0 (Fig. 2) and
five of 59, or.8.5%, on day 1 (Table 1). These values involved

Vo,
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.5 chemicals representing five classes of compounds (Fig- 2
and six different species of plants. : ‘

The Kenaga nemogram has two separare categories for
fruits: One covers legume pods and the other includes {ruits
of all other plants (Fig. 1). Our anaiysis showed exceeding
values for bbth categories, but the general fruit category had
a higher percentage. For legume pods, the frequencies of
exceeding values over predicted values were 7.7 2nd 3.7%
ondays 0 and 1, respectively (Table 1), whereas the percen-
tages for the other fruits were 19.4 and 7.4%. The 21 ex-
ceeding values associated with fruits on day 0 involved six
different classes of compounds and 10 different chemicals:
two chlorinated hydrocarbons, four organophosphates, one
carbamate, one thiocarbamazze, one aromatic acid, 2nd one
unclassified compound (Fig. 2). Closer examiifiation of the
fruit data exceeding on day 0 showed that fruits of woody

plants such as 2pricot and peach had more exceeding values’

(15 of 62 or 24.2%) than those of herbacsous plants such as
tomaio and okrz (6 of 46, or 13.0%0).

The total number of exee=ding values for 211 plant 2nd or-
g2n categories was 51 on day 0 and 14 on day 1, represent-
ing 11.5 and 3.6%, respectively, of the total data (Table 1).
These percentzges are not excaptionally high, but they are
noteworthy because they represent residus values exceeding
the original data compiled by Hoerger 2nd Kenaga [4], who
contended in their review article that there was very little
probability of residue levels exceeding the upper-limit values
hey reported; of spcci?.l concern were the high percentages
O exceeding values (22 and 19%) associated with forage and
Truit, respectively. All exceeding values were examined fur-
ther 1o determine i ‘he majoriry could be attributed 10 2 sin-
gle cause such'as application rate, particular pesticide, class
of chemicals, 2natomical feature, or taxonomic group.

“n

Residue level /application rate

Examination of the 12 individual plots (application rate
vs. plant residue) such as those shows in Fj gure 2 showed no
correlation berween high application rates and high numnbers
of exceeding vahies. Thus the linezr relationship that the
Kenaga n9mogrgm }'xa berwesn applicaiion rate and residue
amounts is consistent wizh our findings.”

Residue level /chemical class M

A list of excesding values by pesticide and chemical class
(Table 2) showed that no single pesticide or chemical class ac-
counted for the majority of the high values and that most of

.the excssding values involved pesticides that are currently
used. There were occasions when all of the residue values
for a particular pesticide exceeded the predicted value (chlo-
robenzilate, EPN, and SD-7438). There were only limited
data records for these compounds; therefore, these high val-
*¢5 accounted {or a small proportion of the total exceeding
data poiats. Ne single pesticide or class of chemicals provided
a comprchensi\'g explanation for the excesding data.

Residue level/plant morpholozy

) The distribution of exceeding values among different spe-
e and plant types was examined to determine if the high
residue values correlated with any particular anatomical fea-
ture (surface texture, leaf shape, etc.) or taxoncmic group

n3g2) nemegram . . 1387

Tébi; 1. Distribution by chemical of combined day-0 and day-!
residue values exceeding predictions of Kenaga nomogram

. Ne. of
- Chemical class pesiicide “residuc values < E? %o

Aromalic acids

Chlorobenzilate 2 2 100.0
Carbamates

Carbary! 34 5 14.7

4 other chemicals 21 0 0.0
Chlorinaied hydrocarbons .

DDD 3 1 33.3

DDT %9 8 13.6

Endrin ’ 12 2 16.7

Telodrin 3 I 33.3

§ other chemicals . . 64 0 0.0
Haloalkanoics

2,4-DB 7 2 28.6

4 other chemicals 9 0 0.0
Organophosphaies .

Azinphosmethyl 15 2 13.3

Baytex 4 1 25.0
. Bidrin 6 2 333

Demeton (Sysiox) 13 5 38.5

Dimethoate 33 2 3.8

EPN 3 3 100.0

Fenitrothion S 2 25.0

Maiathion . 58 [ 10.3

"Barathion {z:hyl and methyl) o3 - 73 _

Phosphamidon 32 1 3.1

Quinalphos [ 1 16.7

SD-7438 2 2 100.0

20 other chemicals 123 0 0.0
Pyridinss

Picloram 2 1 30.0
Thiocarbamates ]

Mansb 2 4 33.3

Morestan ) 15 0 0.0
Miscellansous unclassified

Methomyl 4 1 7.1

Methoxvenlor ) €3 4 6.3

8 other chemicals 27 0 0.0
7 other chemieca} classes®

10 chemicals ) €3 0 0.0
Totals 8§30 €s 7.8

*Residue values that excesded amount predicted by the Kenaga
NOMOLTAMm.

®Brominated hyvdrocarbons, chlorinated sulfites, formamidinss,
nitriles, nitrophenols, triazines, and vinyl phosphates.

(Table 3). Although there were several examples of high res-
idue levels on plants with pubescent (hairy) leaves or fruit,
the number and magnitude of these exceeding values were
approximately the same 2s those present on nonpubescent
plants. Consideration of other anatomical features led to the
sarne conclusion. However, examination of the plant list pro-
vided additional evidence that two of the nomogram catego-
ries (forage and fruits) had disproportionately high numbers
of excesding values in comparison to the other categories.
Thirty-two percent {18 of 57) of the residue values for alfalfa
exceeded the predicted S8-ppm value for forage crops. When
comparsd to other species for which we had similar data
(44 values for Chinese cabbage and 66 for corn), alfalfa ex-
ceeded the nomogram-predicted value 14 and 7 times more
often than Chinese cabbage and corn, respectively. In addi-
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Table 3. Distribution by plant category and species
of combined day-0 and day-{ residue values that
exceeded predictions of Kenaga nomogram

No. of
) residue
Plant catégory and species - . values, E* %o
Shert range grass .
Bermuda grass (Cynodon dacrylon) 45 0 0.0
Total ~ 45 0
Long grass ) !
Corn (Zea mays) 66 - 3 4.5
7 other species 25 0 0.0
Total : 89 3
~ Leaves, leafy crops
Cabbage, Chinese {Brassia pekinarsis) 44 1 2.3
Cherry (Prunus sp.) . i 1 100.0
Cotton® (Gossypium hirsutum) 11 2- 182
Spearmint (Menthc sp.) 2, 1 50.0
34 other species ' 227 - 0 0.0
Total . 285 5
Forage (legumes)
Alfalfa (Medicago sativa) . 5 18 31.6
Bean, green (Phaseolus vulgaris) 9 ! 1.1
Clover, red (Trifolium praterse) 16 1 6.2
Clover, white (T repens) . 12 2 16.7
Mesquite (Prosopis julifiora) . 1 1 100.0
Pea (Pisum sativum) 18 3 16.7
5 other speciss 42 . 0 0.0
Total 155 26 -
Legume pods ) s
Bean, gresn (Pheseolus vulgaris) - 39 3 7.7
3 other species 14 0 0.0
Total © 53 3
Fruit :
Apple (Malus sp.) 6 1 16.7
Apricot® (Prunus ¢rmeniace) 5 5 100.0
Eggplant (Solanum melongena) 7 3 42.8
Grape (Vitis sp.) 13 5 38.5
Lc'non (Citrus limon) 7 2 286
Okrz® (Hibiscus esculentus) 21 1 4.8
Olive (Olea europec) 2 2 100.0
Peach® (P. persica) 5 2 40.0
Pear(Pyrus communis) 8 1 12.5
Rape (Brassica nopus) 4 4  100.0
Tomato (Lycopersicon esculentum) 14 2 14.3
I3 other species - . 111 0 0.0
Total _ : : 203 28

Totals v : - 830 - 65 7.8

- "Residue values that exceeded the zmount predicted by the Kenaga
nomogram. )
b . e ;
Plant leaves or fruits that are pubescent (hairy).

tion to alfalfa, five of the other 10 forage crops (legume spe-

cies) had residue values in excess of predicted values. The
same observation was made for fruits, for which 11 of the
24 types of fruit had higher than predicted residue levels. The
large numiber of exceeding values 2nd general distribution

among several plants with the forage and fruit categories °

were not characteristic of the other categories and, therefore,
suggested that the predictive value of the Kcnaga nomogram
for forage and t'ruxts is not accurate.

: Res:due a'eca_v over time .

Although the current Kenaga nomogram addresses only
day-0 residues immediately following application, the per-

60~

504 Disutfoton

| Carbamates (2)
40+

Residue (ppm)
(2]
2
]

204

109 -

o .0 . 20 30 &0 5 3¢
Days afier application

Fig. 3. Res:du: decay plot for seleci=d sysiemic pesticides applied
as granules or dust. Chemicals were zpplied in the dose range of 0.5
t0'1.5 Ib/acre. The two carbamate chemicals are aldicarb and
carbofuran.

sistence of residues on vegetation is perhaps another factor
the nomogram should address. In this regard, a comparison
of the numbers of exceeding values on days 0 and 1 (Table 1)
showed a marked decrease on the second day, even though
the numbers of data points were similar in most cases. A
more in-depth assessment of pesticide persisue*:c- was con-
ducted by cxarnmng residue-decay curves of pesticides ad-
tministered zat rates betwesn 0.5 and 1.5 Ib/acre. Ninetesn
plots of various combinations of plant ¢ategories and classes

- of pesticides were examined. Almost 2ll of the data fit expo-

nential decay curves with significance at a p value of 0.01.
The exception was data for systemic pesticides applied as
either granules or dust. For example, when either disulfoton
or ca:ba.ma:es were provided to dicotyledons (plants from
both the f oracc and the leafy crop categories) (Fig. 3), no ap-

‘parent’ cxponcnnal decay occurred over the first 30t0 40 d

following application. These lingering residues were, for the
most part, below the day-0 Jevels predicted by the Kenaga
nomogram. ~ :

Further consicderations )
The Kenaga nomogram was evaluated further by analyz-

" ing data from the UTAB database in the same manner as that

of Hoerger and Kenaga [4]. For this purpose, day-0 data were -
standardized as described in “Materials and Methods” so that
all residue values were expressed 2s ppm plant residue/lb
active ingredient applied pesticide/acre. The range and mean
of values for each category were then compared to the pre-
dicted nomogram value (Table 4), which is the highest value
reported by Hoerger and Kenaga [4] for each category in their
1972 survey. Our analysis of data from UTAB showed a
broad range of residue values for each category, the upper
limit of which exceeded the predicted nomogram value in
each case, except for short range grass, consistent with the
earlier discussion of exceeding vajues. Because of the impor-
tance that upper limit values play in the Kenaga nomogram,

a brief description and citation are provided in Table 5 for
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Table 4. Comparison of reporied day-0 residue values with those predicted by Xenzza nomogram

Residué (Ppm) following
I Ib a.i./acre application

Range
R — Predicted

Plant; organ category No. of data recerds Low High Mean nomogram value
Short range grass 18 (1) (7)° 15.3 194 84.8 (60.3)° 240
Long grass 46 (6) (20) 12 187 36.0 (40.6) 110
Leaves, leafy crops 152 (33) (37) 23 296 35.0(45.00 125
Forage (legumes) 96 (10) (28) 0s 350 45.0 (56.7) 58
‘Pods and seeds (legumes) 26 (3) (10) 0s 246 4.0(5.9) 12
Fruit 108 (23) (23) 40.7 5.4(9.8) 7

Woody 6213 U7 003 40.7 6.7(12.4) ?

Herbaceous 26 (10) (9) 16.9 3.6 (4.4) - 7

*Number of species.
Number of chemicals.
‘5D, -

each of the studies associzted with the maximum values
shown in Table 4. The differences berwesn the high-range

values identified in our study znd the predicied nomogram -

values varied and were dependent 6n category. There was 2p-
proximately a twofold differsnce berwesn these values for
long grass, leafy crops, and pods, but 2 sixfold difference oc-
curred for both legumes and fruits. These same differences
were also present when arithmeric means czlculzted by Hoer-

- ger 2nd Kenaga {4) were compared 1o predicted nomogram

‘2lues. When the individual nomogram values were divided
jy the respective mean values from our study, the resulring
~7ratios were 2.8, 3.1, 3.6, and 3.0 for short range grass, long
grass, leafy crops, and pods, respactively; whereas it was only
1.3 for both forage znd fruits. Thess comparisons indicate
“that for forage and fruit plants the predictive values on the

Kenaga nomogram are 100 low. This coniention is further -

emphasized by observing that the mezn value for forage
plants (Table 4) is larger than that for leafv crops (45 vs. 35),
but the nomogram values are reversed (58 vs. 1235). The same
tvpe of relationship holds for fruits and pods. The mean
va.lpc for fruits was 5.4 asg compared to a 4.0 for pods, but

the predictive values for the two are reversed, 7 for fruits
and 12 for pods. . :

The accuracy of the plant groupings originally preposed
by Hoerger and Kenaga and later adoptad by EPA was further
evaluated by a comparison between the mean values in our
study for each of the plant and organ categories (Table 4).
A major difference was observed betwesn the mean values for
short range grass (84.8) and long grass (36.0); this difference
is consistent with the disiinction berween the two categoriss
in the nomogram. In contrast, separation of dicotvledonous -
plants into leafy crops and forage legumes according 1o the
nomogram was not sirongly supported by our study because
the mean values for these two groups were similar. The same
was true for the pod and fruit categories. The nomogram
makes a distinction betwesn the two, but the mean values in
our study were much closer than the standard deviation of
either.

DISCUSSION

The EPA food-chzin nomogram is a simple device used
to predict maximum residue levels for aay pesticide applied

Teble 5. Upper-limit residue valuss reported in literature for plant and organ categoriss in Kenaga nomogram

Residue value : Research Date
Plant category - (ppm) * Plant species Chemical location of study.  Ref.
Short range grass - 240 Native grass . Tordon Montana 1966 7}
(154)® Bermuda grass  Dimnethoate - Georgia 1961 18}
Long grass 110 - Malazhion - - 191
- - (197) Com DDT lowa - 1950 {10]
- Leaves, feafy crops 125 Apple EPN Ohio ©. 1950 [11)
- @ Cherry Demeton . Washington 1954 [12)
Forage (legumes) 58 Alfalfa Endesulfan Ohio 1961 [13]
(350) Alfalfa Endrin ~ California 1963 [14]
Pods and seeds 12 Green beans Methoxychlor  Maryland 1956 {15
. (24.6) Green beans Maneb Ontario 1974 [16]
Fruit 7 Cherry Endosulfan California 1960 " [13)
: (40.7) Apricot : California - 1949 [17]

DDT

;chox_‘&cd i}'l Hoerger and Kenaga [4].
Identified in our search of the UTAB database.
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atanyraiztoznv; 2wn in the United States. Consid-

ering the troad specirum of piani-chemical combinations,

as weli a5 the multitude of diverse environmental (weather)
conditions that prevail across the United States, it is appro-

riate to evaluate the nomogram’s accuracy with data drawn
from research studies of a broad spectrum of different plant,
chemical, and environmental combinztions. The UTAB data-
base afforded us the opportunity to identify such a data set.

Comparison of values in the UTAB datz set to values pre-:
dicted by the EPA nomogram has shown that the existing

nomogram is, in general, accurate; however, there are some
exceptions. The following proposed 'modifications should
be considered. ST :

The residue levels for each of the six-categories in the cur-

rent nomogram are based on the highest value reporied for

each caregory in the survey published by Hoerger 2nd Kenaga
[4]. The values set for four of these categories (short range
grass, long grass, leafy crops, and pods) appear satisfactory,
because we found very few occasions when values feported
in the literature for these cziegories exceedad the nomogram
predictions. In contrast, the resicue levels precicied for ihe
two remaining categories (forage crops and fruit) were of-
ten lower than those reported in the literature 2nd should
be adjusied. Predicted values could be elevarsd to march the
highest reported values in the literarure, the same philoso-
Phy used in creating the existing nemogram. An zliernative
would be to adjust the highest nomogram values with respect
to the mean values calculated in our study. In respect 10 the
latter suggsstion, for those categories in which predictions

were accurale (short range grass, long grass, leafy crops, and -

pods), 2 ratio of three was observed when the nomogram
values ‘were divided by mean values of the analyzed dara.
Even though there was no strong mathematical justification,
if this threefold factor were used to adjust the current nomo-
gram valuss for the forage and fruit categories, from 58 10
135 and from 7 to 15, respectively, thea the number of
excezding values on day 0 would be reduced from 21 to

(22.1 10 5.2%) for forage crops and from 21 10 9 (19.4 to.

8.3%) for fruit.
Adjustment of the nomogram as suggesied in the previ-

ous paragraph warrants consideration of merging categoriss
with similar predicrive values. For example, as the new sug-

gested value of 135 for forage crops is close to the existing

value of 125 for leafy crops, it would be 2ppropriate o com-
bine the two into a broadleaf category and set the pradiciion
value at 135, In a similar fashion, fruits (new value 15) and
pods (old value 12) could be placed in a single fruit category
set at 15, Our analyses indicated that the present separation
of grasses into two categories is desirable. If our suggestions
were implemented, the number of categories would be re-
duced from six to four with predictive values of 240, 110,
135, and 15 for short range grass, long grass, broadlezf
plants, and fruits, respectively. -
An additional minor change would be to remove the term
zrige from the short-range-grass heading. Our ra:ionale is
that the term short range grass is confusing because all rangs
grasses are not short, and numerous grasses not growing as
arange grass are short (i.e., mowed or grazed cultivated pas-
“tures). Qur analysis did show a major difference between the

e e e e e e T T S e

‘residue ievel of short vs. tall grasses, irrespective of where

they grew; therefore, two grass categories should remain but
the term range should be eliminated.

Analyses of the correlations between residue level and var-

ious parameters showed that the simplicity of the existing
nomogram regarding uniform treatment of all classes of
chemicals, the linear relationship between application rate
and residue prediction, and a disregard for anatornical plant

eatures (i.e., pubescent leaves) does not jeopardize accuracy.
We did show that there was a greater persistence of'some sys-
temic pesticides applied as granules and powders, but the res-
idue levels were 56 Jow in comparison 1o the day:0 levels that
there was no'strong justification for modifying the nomo-
gram to include decay or accumulation of pesticide over time
following applicatios. - :

" Our analyses indicate that with minor modifications (el-
evation of the predictive values for forage and fruit catego-
ries) the Kenaga nomogram provides accurate maximum
residue predictions. Only 5% of values exceed those predicted
by the nomogram. This conclusion is based on reported lit-
erarure values, which should be tested with specially planned
and conducted risk assessment research.
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